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(57)Abstract: 

PURPOSE: To obtain a Yb-doped laser glass having a large induced 
emission cross section, a long fluorescent life and high excitation efficiency 
by incorporating Yb ion into the glass base material contg. niobium oxide, 
bivalent metal oxide and phosphoric acid. 

CONSTITUTION: A Tb laser glass is obtained by incorporating 0.0001- 
4mol% Yb ion as Yb203 into a glass base material contg. 5-23% Nb205, 15- 
35% P205 and >40% at least one kind of bivalent metal oxide selected from 
a group consisting of MgO, CaO, SrO, Bad, ZnO and PbO. A laser medium 3 
using the Yb laser glass is irradiated with an excitation light from its source 
4 by the solid-state laser or semiconductor laser. The light is resonated 
with resonators 1 and 2, and a laser beam is emitted to the outside through 
the resonator 2. The Yb laser glass has about 1x10-20cm2 or larger 
inductive emission cross section and a long fluorescent life of >1 msec. 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Yb laser glass characterized by containing Yb ion in the glass base material containing a niobic acid ghost, a 
divalent metal oxide, and a phosphoric acid. 

[Claim 2] Laser glass according to claim 1 which is at least one sort of oxides chosen from the group which a divalent 
metal oxide becomes from MgO, CaO, SrO, BaO, ZnO, and PbO. 

[Claim 3] The content of each component displays by mole percent, and it is P2 05. 15 - 35%, and Nb 205 Laser glass 
according to claim 1 or 2 5 - 23% and whose divalent metal oxide are 40% or more. 

[Claim 4] the content of each component - mole percent - displaying - B-2 03 - the laser glass according to claim 3 0 
. 35% and whose PbO 5 - 40% and ZnO are [ 0 - 20%, and MgO / 0 - 1 5%, and CaO / 0 - 28%, and SrO ] 0 - 20% for 0 
- 30%, and BaO. 

[Claim 5] Laser glass according to claim 4 0-1 0% and whose K2 0 the content of each component displays by mole 
percent, and 0 - 10% and Na2 O are 0 - 10% for Li2 O and whose sum total content of Li2 0+Na2 0+K2 O is 10% or 
less. 

[Claim 6] Y2 03 Laser glass given in any 1 term of claims 1-5 content displays by mole percent and is [ claims ] 0.0001 



[Claim 7] Laser equipment with which it is laser equipment containing a laser medium, a resonator, and the excitation 
light source, and said laser medium becomes any 1 term of claims 1-6 from the laser glass of a publication. 



[Translation done.] 
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NOTICES * V 



^^^le for any 



Japan Patent Office is not responKble for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention has the outstanding description it is featureless on the Nd3+ dope laser generally 
used conventionally, and relates to the Yb3+ laser glass used as the medium of the fiber laser used as the excitation light 
source of high power laser and a Pr3+ dope fiber amplifier, and the laser equipment using this. 
[0002] 

[Description of the Prior Art] Generally activity ion concentration of solid state laser is comparatively high, since the 
life time of fluorescence is also long, its magnification effectiveness and stored energy of laser are large, and it is 
accomplishing growth rapid as high power laser. Since workability is good and can create cheaply easily the rod and 
disk of an arbitration configuration and a big dimension, the phosphoric acid system or silicic-acid system laser glass 
which contains a Nd3+ active substance especially in a glass base material is used widely as a solid-state-laser 
ingredient for high power. The semiconductor laser which generates a xenon lamp or laser with a wavelength of 0.8 
micrometers as the excitation light source of such Nd3+ dope laser conventionally is used. However, in exciting with a 
xenon lamp, excitation efficiency is low and power consumption also has the fault of being high. When exciting with 
0.8-micrometer semiconductor laser, excitation efficiency is quite high, but since the life time of fluorescence of Nd3+ 
is comparatively as short as about 0.35 msec extent, it is required for the pulse width of the semiconductor laser for 
excitation to be small, consequently, the use life of semiconductor laser short — **** — ** Especially 0.8-micrometer 
GaAlAs semiconductor laser tends to deteriorate, in order that aluminum may oxidize. 

[0003] So, in order to lengthen the life of semiconductor laser, pulse width is lengthened first and to reduce peaking 
capacity is needed. For that purpose, the laser active substance which has the long life time of fluorescence, and its glass 
base material are needed. Moreover, in order to acquire sufficient laser gain, it is required for the induced emission cross 
sections of activity ion to be also two or more about 1x10 to 20 cm. Furthermore, it is more desirable if the GalnAs 
semiconductor laser which a life is long and is comparatively stable 0.98 micrometers can be used as the excitation light 
source compared with 0.8-micrometer semiconductor laser. 

[0004] In order to fulfill these conditions, the Nd3+ activity ion used until now is not suitable. That is, since Nd3+ 
doped in the glass base material does not have an absorption band in the wavelength of 0.98 micrometers, it cannot use 
0.98-micrometer semiconductor laser. Moreover, since the life time of fluorescence of Nd3+ is as short as about 0.35 
msec extent also in 0.8-micrometer semiconductor laser excitation, if pulse width of the semiconductor laser as an 
excitation light is lengthened, excitation efficiency will fall. 

[0005] On the other hand, the Yb3+ dope glass which can generate the laser light of the wavelength range of 1.01-1.05 
micrometers almost near the oscillation wavelength of Nd3+ laser has a strong absorption band in the 0.95-1 .0- 
micrometer wavelength range, and has twice [ more than ] as long the life time of fluorescence as Nd3-i-. Therefore, 
0.98-micrometer semiconductor laser can be used as an excitation light, and there is the description that excitation Hght 
pulse width of face can also be lengthened. Moreover, since Yb3+ has single luminescence level, it does not have rise 
conversion which exhausts excitation energy, and laser with the quantum efficiency of excitation near 1 is expected. 
However, the induced emission cross section of old Yb3+ dope glass laser was too small, and sufficient laser gain was 
not acquired. Therefore, development of the Yb3+ dope glass matrix which has the larger induced emission cross 
section than about two 1x10 to 20 cm or it is becoming a technical problem important for the time being. 
[0006] Moreover, the multimedia (communication link (voice), broadcast (image), integrated medium of computer) 
design is raised as the information which goes to the next generation, and a 1 flood-tide style of a conmiunication 
network system. Playing a role with the Pr3+ dope 1 .3micrometer optical fiber amplifier very important for construction 
of this multi-media system which amplifies the glass fiber which transmits signal light with a wavelength of 1 .3 
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micrometers, an<J its signal light is expected. This researches and developments of a^j3+ dope 1 .Smicrometer optical 
aniplifier are done briskly recently. By |^ftme it puts this in practical use, it is nec^^y to solve the problem of still 
some. There is the excitation light sour^m one of them. The excitation light sourc^^l .017-1 .025-micrometer 
wavelength range is needed for a Pr3+ dope 1 .3micrometer optical amplifier. Although titanium sapphire laser is used in 
current and research, use of 1 .017-micrometer semiconductor laser is considered by the practical use device. However, 
as for this semiconductor laser, it is very expensive, and when cost is considered, application to a device has many 
problems. 

[0007] Recently, the Pr3+ dope 1 .Smicrometer optical amplifier (see Electronics Letters, Vol.27, and p(1991)1012- 
1014) by semiconductor laser excitation of the 0.98-micrometer band using the energy transfer fi-om the PrSH- dope 
1 .Smicrometer optical amplifier (see JP,4-50137,A) and Yb3+ by semiconductor laser excitation of 0.8-micrometer 
band using the energy transfer fi-om Nd3+ to Pr3+ to Pr3+ etc. is reported. However, the optical fiber mold amplifier 
which has effectiveness to the extent that all are expectable is not obtained. Then, the energy transfer from Yb3+ to 
Pr3+ was not used, but the Yb3+ dope quartz glass fiber laser which can generate excitation light with a wavelength of 
1.02 micrometers which excites direct Pr3+ was reported (see Electronics Letters, Vol.29, No.3, and p(l 993)309-3 10). 
The oscillation experiment of some Yb3+ dope quartz glass fiber laser is already reported. However, the induced 
emission cross section of Yb3+ in these quartz glass is as small as 0.5 to 0.55x10 to 20 cm2, and it is difficult to obtain 
efficient 1.02-micrometer laser. Therefore, development of the glass matrix which has the induced emission cross 
section of comparatively big Yb3+ has been the present technical problem. 
[0008] 

[Problem(s) to be Solved by the Invention] Then, the purpose of this invention is to offer the Yb3+ dope laser glass 
which has the larger induced emission cross section than about two 1x10 to 20 cm, and it, and has the life time of 
fluorescence with long 1msec extent. Purpose that this invention is still more nearly another is to offer the laser 
equipment which can also use 0.98-micrometer GalnAs semiconductor laser as the excitation light source, and can 
lengthen the use life of the semiconductor laser which is the excitation light source, and can acquire sufficient laser gain. 

[0009] The oscillation of laser is started when gain exceeds loss of reflection, absorption dispersion in a glass matrix, 
etc. So, it is necessary to enlarge a gain coefficient (g). A gain coefficient is usually expressed with absorption cross 
section sigmaabs, induced emission cross-section sigmaemi, the rate P of the inverted population (= the number of 
activity ion in the number of activation ion / bottom level in top level), and activity ion concentration N to 3 level laser. 
g(lambda) =N {Psigmaemi-(lambda) (1-P) sigmaabs) (lambda) 

In order to increase Yb3+ laser gain effectiveness, without raising a laser oscillation threshold, to enlarge the induced 
emission cross section of Yb3+ is needed. Namely, 2F5/2-2F7/2 of Yb3+ Development of a glass matrix with big 
radiation transition probability is required. 

[0010] To the value of a parameter (omegat) on the strength, especially the radiation transition probability of Yb3+ is 
omega 2 like well-known. It is proportional to a value. It is necessary to increase the asymmetry of the Yb3+ ligand 
field which are in glass to enlarge these parameters on the strength. Therefore, this invention person considered 
increasing the asymmetry of glass structure by producing the glass with which a glass fi-ame is formed fi*om two or more 
units. As a result of repeating various test researches in order to conquer many faults to which the above-mentioned 
conventional Nd3+ dope laser glass or Yb3+ dope quartz fiber laser glass has such an idea in origin, the Yb3+ dope 
laser glass which has the two or more about 1x10 to 20 cm induced emission cross section, and has the life time of 
fluorescence with long 1msec extent was found out, and this invention was completed. 

[001 1] This invention relates to Yb laser glass characterized by containing Yb ion in the glass base material containing a 
niobic acid ghost, a divalent metal oxide, and a phosphoric acid. Furthermore, this invention relates to the laser 
equipment which used this Yb laser glass. This invention is explained below. 

[0012] The laser glass of this invention uses the glass containing a phosphoric acid as a base material. As glass 
containing a phosphoric acid, phosphate glass and Holin acid glass can be mentioned, for example. A phosphoric acid 
(P2 05) works as a glass forming oxide, and increases the stability over stabilization, i.e., devitrification, of glass 
structure, moreover, Nb 205 Or B-2 03 etc. - it is an indispensable component also in order to reduce the symmetric 
property of Yb3+ ligand field by combining a glass structure formation object, and to adjust the elevated-temperature 
viscosity of glass. However, P205 Since the stability of glass will get worse to falling if fewer than 15%, the induced 
emission cross section of Yb3+ of the glass obtained when it increased more than 35% as a component of glass is P2 
05. It is appropriate for the presentation range to become 15 - 35%. 16 - 34% of range is especially desirable. 
[0013] Also as a component which gives the big induced emission cross section to Yb3+ doped on glass, a niobic acid 
ghost (Nb 205) is P2 05. It is very important also as a component which raises stabilization of glass structure, and its 
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endurance: It is especially Nb 205. P2 05 When permuting and introducing into gla^^he asymmetry of glass structure 
is raised, and it is 2F5/2-2F7/2 of Yb3+«fc effectiveness which increases radiatio^^isition probability is large. 
Namely, Nb 205 It is an indispensable ^^onent in order to raise the induced emissron cross section of Yb3+. 
However, Nb 205 Since the stability over devitrification of glass will get worse to fully not raising the induced 
emission cross section of Yb3+ if a content is made fewer than 5% if it introduces exceeding 23%, it is appropriate for 
the content to limit to 5 - 23% of range. 7 - 20% is especially desirable. 

[0014] The glass base material containing the phosphoric acid of the laser glass of this invention contains a divalent 
metal oxide. Divalent metal oxides are at least one sort of oxides chosen from the group which consists of MgO, CaO, 
SrO, BaO, ZnO, and PbO. Moreover, the total content of these divalent metal oxide is desirable from a viewpoint that 
that it is 40% or more makes the Yb3+ induced emission cross section two or more [ 1x1 020cm ]. It is 42% or more 
especially preferably. 

[0015] MgO is a component added in order to improve the endurance of glass, and elevated-temperature solubility. 
When permuting an alkaline-earth-metal oxide with large ionic radii, such as BaO, by little MgO, it is effective in 
improving the elevated-temperature solubility of glass etc., but since the stability over devitrification of glass will also 
fall and it will not have effect not much good for the luminescence property of Yb3+ if it introduces to 15% or more, it 
is desirable to make the amount of installation especially into 13.5% or less 15% or less. 

[0016] Although it is a component very effective in CaO raising the endurance of glass and increasing the stability over 
devitrification of glass, if it adds too much mostly, and it exceeds 28%, for example, the sjability over devitrification of 
glass will get worse conversely. TherefoTe, it is desirable to make the content into 28% or less according to the stability 
of glass, and especially 25% or less is desirable. 

[0017] it is a component indispensable to improve the stability [ as opposed to / it is comparatively alike and / 
devitrification of glass in a large alkaline-earth-metal oxide ] of ionic radii, such as SrO and BaO. Moreover, it is the 
component which contributes the radiation transition probability of Yb3+ to some extent also for enlarging. However, as 
for 0 - 30% of range, and the addition of BaO, it is [ the addition of the viewpoint of obtaining glass with stability to the 
extent that it can manufacture on a scale of industrial to SrO ] desirable that it is 5 - 40% of range. It is desirable to make 
the content of BaO 5 - 38% especially for the content of SrO 25% or less. 

[0018] ZnO and PbO are the stability over devitrification of glass, especially B-2 03. It is the component which 
contributes effectively to raise the stability in the case of introducing. When creating a fiber fiirthermore, also in order to 
adjust a core-clad refractive-index difference, it is a very effective component. However, if the addition of ZnO and PbO 
exceeds 35% and 20%, respectively, since the obtained glass will become quite unstable, it is desirable to make each 
addition into 0 - 35% and 0 - 20% of range. It is desirable especially to make the content of ZnO 0 - 32%, and to make 
the content of PbO 0 - 15%. 

[0019] B-2 03 P2 05 It is the component which can be added in order to raise the stability over devitrification of glass, 
and its endurance and to reduce the symmetric property of Yb3+ ligand field. B-2 03 of a suitable amount It is effective 
in raising the induced emission cross section of Yb3+ by adding, and the stability over devitrification of glass also 
improves. However, if it exceeds 20%, the stability over devitrification of glass will get worse and the Hfe time of 
fluorescence of Yb3+ will also become short. Then, B-2 03 As for a content, considering as 20% or less is desirable. 
Especially 1 8.5% or less is desirable. 

[0020] Especially alkali-metal oxides, such as Li2 O, Na2 O, and K2 O, are Nb 205, when adding many Nb(s) 205 as 
an assistant fiising agent of glass. It is the component which can be added in order to fiilly melt. However, since there is 
an inclination to reduce the induced emission cross section of Yb3+ when it adds exceeding 10% with the total quantity, 
it is preferably suitable for the total addition of an alkali-metal oxide that it is 7% or less 10% or less. 
[0021] The laser glass of this invention is Yb 203 as an activator which generates laser light. It contains. Yb 203 It is 
the indispensable component of Yb3+ laser glass. In the case of high power laser or microchip mold laser, it is Yb 203. 
The amount of dopes is made [ many ] and, in the case of a laser fiber, it is Yb 203. The amount of dopes is lessened 
comparatively. Therefore, Yb 203 The amount of dopes can be adjusted in 0.0001 - 4% of range according to the 
candidate for application of the laser glass of this invention. It exceeds 4% and is Yb 203. Since there is an inclination 
for the stability over devitrification of glass to get worse when it introduces, stopping to 4% or less is appropriate for the 
content. Furthermore, when concentration quenching and the fall inclination of the quantum efficiency under the effect 
of a self-absorption are taken into consideration, it is Yb 203. As for the amount of dopes, it is more desirable to make 
it to 3% or less. 

[0022] P2 05 used as a glass frame formation oxide in the above-mentioned glass presentation from a viewpoint of 
acquiring the stability over devitrification suitable for laser glass, Nb 205, and B-2 03 It is suitable for a total content 
that it is 42% or more. Moreover, from a viewpoint of obtaining the sufficiently big Yb3+ induced emission cross 
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section, it- is P2 05, Nb 205, and B-2 03. It is suitable for a total content that it is 5^^or less. Moreover, since the 
effectiveness that the way of an alkalin^^[th-meta] oxide raises the induced emis^^:ross section of Yb3+ is large 
compared with an alkali-metal oxide, it^reesirable to, stop an alkali-metal oxide component if possible, and to add 
many alkaline-earth-metal oxide components. In addition, adjustment of the rate between alkaline-earth-metal oxide 
components can be performed, mainly taking the stability over devitrification of glass into consideration, 
[0023] The laser glass of the above-mentioned invention is used for the laser equipment of this invention as a laser 
medium. As a schematic diagram is shown in drawi ng 1 , more specifically, it consists of the excitation light source 4 to 
the laser medium 3 using laser glass and the laser medium 3 of invention prepared among resonators 1 and 2. The laser 
medium 3 grinds the field which faces resonators 1 and 2, and a resonator 2 is a partial transparency mirror (it reflects 
and excitation light penetrates oscillation laser light), a resonator 1 is a total reflection mirror (excitation light and 
oscillation laser light are reflected), and it constitutes [ resonators 1 and 2 serve as a pair, and ] a resonator. The 
excitation light sources 4 can be semiconductor laser, such as solid state laser, such as sapphire laser, and GalnAs 
semiconductor laser. Excitation light is irradiated by the laser medium 1 fi*om the excitation light source 4, and the laser 
light oscillated from the laser medium 1 penetrates the resonator 2 which is a partial transparency mirror, and is supplied 
outside. 
[0024] 

[Effect of the Invention] The Yb3+ laser glass of this invention is 1x10-20 cm2. It has extent or the big induced 
emission cross section beyond it, has 1msec extent or the longer life time of fluorescence than it, and can obtain to 
stability comparatively also as glass further, and since production on a industrial scale is easy, it is expected as high 
interest profit and efficient laser glass. Moreover, it is very promising also as 1 .02 -micrometer glass for fiber laser 
which can serve as the excitation light source of a Pr3+ dope 1 .3micrometer fiber mold amplifier from the Yb3H- dope 
laser glass of this invention since a fiber can be created easily. Furthermore, with the laser equipment of this invention, 
even when semiconductor laser is used as the excitation light source, it can be used for a long time (being able to 
lengthen the excitation light source), and laser light can be obtained with high excitation efficiency. 
[0025] 

[Example] Hereafter, an example explains this invention further. 

The glass presentation of examples 1-43 was shown in one to example 43 tables 1-4 by mol %. as the start raw material 
at the time of dissolving these glass - P2 05, Nb 205, B-2 03, MgO, CaC03, SrC03, BaC03, ZnO, Pb(N03) 2, Li2 
C03, Na2 C03, and K2 C03 etc. - or the metaphosphate of divalent [ those ] and a univalent component is used. In 
order to carry out lOOg weighing capacity to the predetermined rate which showed these start raw materials in Table 1, 
to fully mix, to accomplish with a preparation batch, to put this into a platinum crucible and to prevent change to the 
low valence ion of the inside of air, or Nb5H- ion in the temperature requirement from 1250 degrees C to 1380 degrees C 
according to a batch presentation, glass was dissolved by some oxidizing atmosphere for 1 .5 to 2 hours. After the 
dissolution, after cooling the glass solution radiationally to the transition temperature of a sink and glass to the metal 
mold of carbon, it put into the annealing fiamace inmiediately, and it annealed in the glass-transition-temperature range 
for about 1 hour. The obtained glass being transparent and colorless or a crystal observable with the naked eye in the 
Asagi color did not deposit. 

[0026] After grinding the 4th page of these glass to 25x25x5mm and carrying out mirror plane finishing, it considered 
as the measurement sample of an optical property. It carried out, respectively by the approach which showed 
measurement of an emission spectrum to drawing.3 by the approach which showed measurement of the life time of 
fluorescence to drawing 2 . The measured life time of fluorescence is shown in Tables 1-4 with a glass presentation. 
Moreover, measurement of the absorption spectrum of the 600mn - 1200nm wavelength range of Yb3+ dope glass was 
performed using the Hitachi-330 mold spectrophotometer. Based on the measurement data of luminescence and an 
absorption spectrum, the induced emission cross section (sigmaemi) of Yb3+ was calculated by the following formula, 
sigmaemi = lambdae 4Arad /8picn2 deltalambda - here - lambdae the peak wavelength (about 1 .02 micrometers) of an 
emission spectrum, and c - the rate of light, and n - the refractive index of glass, and deltalambda the half-value 
width of an emission spectrum, and Arad It is the radiation transition probability of Yb3+ (2F5/2-2F7/2), and can 
calculate by the degree type. 

Arad =[8pin2c / (2 J 1+1) Nlambdap 4 (2J+1)] integralk(lambda) dlambda - the number of Yb3+ ion which doped N on 
glass here ~ lambdap The integral area of the absorption spectrum of Yb3+, J, and Jl are the numbers of total-angular- 
momentum children of vertical level, and the peak wavelength (about 0.978 micrometers) of the absorption spectrum of 
Yb3+ and integralk(lambda) dlambda are set to / (2J1+1) =(2J+1) 1 .3333 to Yb3+. The induced emission cross section 
of Yb3+ calculated using these formulas was shown in Tables 1-4. 
[0027] 
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oo 


15.(M) 


28.00 


10.00 












20.00 


20.00 




SiO 


10.00 


1000 


30.00 


in o(% 




15 00 


1$ 00 


1^ 00 


1ft Ofl 


inon 


1 ^ ftft 


BaO 


19.00 


16.00 


10.00 


or\ nn 


. 1 ^ AA 


15.00 


15.00 


15.(M) 


20.00 


20.00 


1^ ftft 


ZxO 


10.00 








OA AA 


20.00 


20.00 


20.00 






?ft ftft 


PbO 
























Li20 
























Na20 
























K20 
























Y1203 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.001 




1.02 


1.11 


1.12 


1.08 


1.36 


1.35 


1.28 


1.11 


0.97 


1.01 






136 


1.34 


1.40 


1.28 


1.01 


l.ll 


IJO 


1.33 


1.35 


1.34 


1..26 


[0029] 
[Table 3] 




23 


24 


25 


26 


27 


2S 


29 


30 


31 


32 


33 


P2Q5 


18,00 


18.00 


18.00 


25.00 


30.00 


26.00 


27.00 


31.00 


27.00 


27.00 


25.00 


Kb205 


18^ 


18.00 


18.00 


10.00 


5.00 


10.00 


5.00 


5.00 


8.00 


8.00 


15.00 




13.50 


13.00 


12.00 


14.00 


19.00 


12.00 


20.00 


10.00 


9.00 


9.00 


10.00 


MgJ 


















10.00 


15.00 


5.00 


QO 
























SO 


15.00 


\5M 


15.00 


10.00 


lODO 


14.00 


10.00 








5.00 


BaO 


\5M 


\5M 


15.00 


40.00 


2SM 


16.00 


27.00 


19J0O 


30.00 


15.00 


20.00 


ZdO 


20.00 


20.00 


20.00 




10.00 


20.00 


10.00 


35JOQ 




25.00 


15.00 


PbO 


















15.00 




5.00 


Ii20 
























Na20 
























K20 
























yb203 


0.50 


1.00 


2.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


a*«t^(ins) 


0.93 


0.92 


0.92 


1.29 


1.36 


1.22 


1.31 


131 


1.22 


1.27 


1.02 




1.26 


1.26 


1.26 


1.15 


1.03 


1.12 


1.01 


1.02 


1.08 


1.06 


1.24 
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[Table 4] 
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34 


JO 


^0 


37^1 38 


jy 


w 


41 


42 






P2U3 


le.UO 


18.IIU 


111 AA 


18.a^Bll22.00 


OJC AA 


AA 


AA 


AA 






Nd203 


10 AA 


14 AA 


1 fi AA 


IS.OO 


18.00 


1 0 AA 

lo.UU 


'^A AA 
2U.UU 


It AA 

o.UU 


1 9 AA 


n O AA 
J O.UU 




B203 


13.00 


13.W 


1 9 AA 


13.00 


9.00 


< AA 
J.UO 


it AA 

4.UU 


A AA 


A AA 

9.00 


€ AA 

5.U0 




MeP 


























20.00 


20.00 


«t A AA 

20.00 


18.00 


22.00 


AA AA 

2Z0D 


OA AA 

20.00 




15.00 






SiO 








S.00 


10.00 


1 A AA 
10.00 


1 A AA 




AC An 

25.00 


AC AA 

25.00 






20.00 


'SA AA 


lA AA 


mfi AA 

20.00 


* 18.00 


Id An 

le.OO 


K AA 


1 A AA 

10.00 


1 A AA 
lU.00 


C AA 

5. DO 




ZXfJ 
















AA 




OA AA 




















'>A AA 








Li20 


lO.UO 






















Na20 




lA AA 




5.00 
















K20 






1 A AA 


2.00 






K AA 

3.U0 










Yb203 


1.00 


t.oo 


1.00 


1.00 


1.00 


1.00 


4.00 


1.00 


1.00 


1.00 




ajfc3§i!ir(ijis) 


1.38 


L35 


1.38 


1.32 


1.24 


1.35 


\m 


l.Ol 


1.19 


1.04 


<0.8 




US 


1.21 


1.18 


1.16 


1.30 


1.33 


1.35 


1.09 


1.24 







lt««U^L*ottKttJtE3Kxr9^^:K--:/;?it/:: (o.lwt%) y\^ior-9'Ci>ha 



[0031] As for Yb laser glass of this invention, the induced emission cross section of Yb3+ has about about 2 times and 
the large and longer life time of fluorescence compared with Yb dope quartz glass of the example of a comparison so 
that clearly from Tables 1-4. This shows that it is the solid state laser which has the engine performance excellent in the 
laser glass of this invention. 

[0032] the presentation of example 44 example 4 - Yb 203 The amount of dopes carries out processing polish of the 
4.5wt(s)% (1.68-mol %) glass at 1.5mm in thickness, 1 .02 -micrometer light is reflected in one side 99%, the coat which 
penetrates 0.978-micrometer light 80% is given, and the coat which is alike on the other hand and reflects light (1.02 
micrometers and 0.978 micrometers) 97% is given. Laser oscillation was attained with the configuration as shown in 
drawing 4 by making titanium sapphire laser or semiconductor laser into the excitation light source. When it excited by 
CHIRAN sapphire laser, as for the threshold of an oscillation, 30mW was obtained as the maximum output about 30%, 
as for about lOmW and slope effectiveness. 
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* NOTICES * 



Japan Patent Office is not respo! 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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